Background Frailty, a multidimensional syndrome entailing loss of energy, physical ability, cognition, and health, plays a significant role in elderly morbidity and mortality. No study has examined frailty in relation to mortality after femoral neck fractures in elderly patients. Questions/purposes We examined the association of a modified frailty index abbreviated from the Canadian Study of Health and Aging Frailty Index to 1-and 2-year mortality rates after a femoral neck fracture. Specifically we examined: (1) Is there an association of a modified frailty index with 1-and 2-year mortality rates in patients aged 60 years and older who sustain a low-energy femoral neck fracture? (2) Do the receiver operating characteristic (ROC) curves indicate that the modified frailty index can be a potential tool predictive of mortality and does a specific modified frailty index value demonstrate increased odds ratio for mortality? (3) Do any of the individual clinical deficits comprising the modified frailty index independently associate with mortality? Methods We retrospectively reviewed 697 low-energy femoral neck fractures in patients aged 60 years and older at our Level I trauma center from 2005 to 2009. A total of 218 (31%) patients with high-energy or pathologic fracture, postoperative complication including infection or revision surgery, fracture of the contralateral hip, or missing documented mobility status were excluded. The remaining 481 patients, with a mean age of 81.2 years, were included. Mortality data were obtained from a state vital statistics department using date of birth and Social Security numbers. Statistical analysis included unequal variance t-test, Pearson correlation of age and frailty, ROC curves and area under the curve, Hosmer-Lemeshow statistics, and logistic regression models. Results One-year mortality analysis found the mean modified frailty index was higher in patients who died (4.6 ± 1.8) than in those who lived (3.0 ± 2; p \ 0.001), which was maintained in a 2-year mortality analysis (4.4 ± 1.8 versus 3.0 ± 2; p\0.001). In ROC analysis, the area under the curve was 0.74 and 0.72 for 1-and 2-year mortality, respectively. Patients with a modified frailty index of 4 or greater had an odds ratio of 4.97 for 1-year mortality and an odds ratio of 4.01 for 2-year mortality as compared with patients with less than 4. Logistic regression models demonstrated that the clinical deficits of mobility, respiratory, renal, malignancy, thyroid, and impaired cognition were independently associated with 1-and 2-year mortality. Conclusions Patients aged 60 years and older sustaining a femoral neck fracture, with a higher modified frailty index, had increased 1-and 2-year mortality rates, and the ROC Each author certifies that he or she, or a member of his or her immediate family, has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, all investigations were conducted in conformity with ethical principles of research, and informed consent for participation in the study was obtained.
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Introduction
Every year, the number of elderly, defined by the United Nations as people aged 60 years and older, is rising in the United States [24, 25] and is projected to be more than 50 million by 2015 [24] . Despite this increase in the elderly population, several studies have illustrated that overall incidence and age-adjusted rates of geriatric hip fractures in the United States for both men and women have declined in recent years [2, 9, 10, 23] secondary to improved functional ability, osteoporosis diagnosis and management, and improvements of the overall health in US populations [10, 23] . Increased awareness of healthier lifestyles and medical advancements have created a generation of more active and physiologically fit elderly [3, 6, 7] . Freedman et al. [7] demonstrated in a systematic review that prevalence of disability and functional limitations is declining among the US population, and Manton [14] concluded that chronic disability declined by 2.2% per year from 1999 to 2004. Consequently, an 80-year-old physically active patient may have more physiologic reserve to withstand the stresses of a femoral neck fracture than a deconditioned 80year-old individual. With diverse disability and functional reserve among the US elderly, the idea of physiologic age and well-being may play an increasing role in mortality after a femoral neck fracture. Currently reported mortality rates may not account for diversity in physiologic function.
In this context, the term ''frailty'' refers to a multidimensional syndrome that includes a loss of reserves (energy, physical ability, cognition, health). Frail patients are more vulnerable to adverse outcomes, and a number of investigations have explored how frailty might account for some of the variability in health status as well as some of the differences in risk for adverse outcomes in similarly aged patients [3, 10, 23] . Frailty has been associated with morbidity and mortality in multiple settings. Frailty has been associated with short-and long-term all-cause mortality in hospitalized patients older than 64 years [17] and is an accessible tool for estimating individual risks of mortality [16] . In the surgical setting, frailty increases postoperative complications, institutional discharge, inhospital mortality, and length of stay [14, 17, 23] . The idea of frailty has yet to be applied to mortality after elderly femoral neck fracture.
Studies have demonstrated this variability in physiologic reserve with a frailty index. Of particular interest is the frailty index developed by the Canadian Study of Health and Aging. The Canadian Study of Health and Aging is a prospective cohort study covering 5 years, initially developed to demonstrate the epidemiology of dementia and other important health issues in elderly Canadians. Through this initial analysis, the study group developed a frailty index measured by 70 prospectively assessed clinical deficits [1, 20] . Rockwood et al. [18, 19] demonstrated that patients with a higher frailty index had greater likelihood for death and institutionalization.
Few studies have examined predictive models for mortality after elderly femoral neck fracture. None have taken frailty into account. Our objective was to develop a modified frailty index, adapted and truncated from the Canadian Study of Health and Aging, and demonstrate a relationship to femoral neck fracture mortality. Specifically we examined: (1) Is there an association of a modified frailty index with 1-and 2-year mortality rates in patients aged 60 years and older who sustain a low-energy femoral neck fracture? (2) Do the receiver operating curve (ROC) characteristics indicate that the modified frailty index can be a potential tool predictive of mortality and does a specific modified frailty index value demonstrate increased odds ratio for mortality? (3) Do any of the individual clinical deficits comprising the modified frailty index independently associate with mortality? We hypothesized that patients aged 60 years and older with a higher modified frailty index will have increased rates of mortality at both 1 and 2 years after low-energy femoral neck fracture.
Patients and Methods
Institutional review board approval was obtained before start of the study. All patients were treated at an American College of Surgeons-verified Level I trauma center. Medical records were queried for diagnosis and treatment codes associated with femoral neck fracture between the years 2005 and 2009. The codes used were International Classification of Diseases, 9 th Revision 820 and Current Procedural Terminology 27235, 27236, and 27132, resulting in 699 patients whom we considered for inclusion. The exclusion criteria included age younger than 60 years, fractures secondary to high-energy trauma or neoplasia, extracapsular hip fractures, previous proximal femur surgery on the side of injury, need for open reduction, or treatment other than closed reduction multiple cannulated screws, hemiarthroplasty, or THA. Fracture secondary to high-energy trauma was defined as a fracture from a motor vehicle accident, motorcycle accident, fall from a height, automobile versus pedestrian, or farm-related accident. Patients, who required revision surgery, had postoperative infection, or sustained a subsequent contralateral femoral neck fracture were further excluded. These patients were excluded secondary to concerns of bias from a possible increase in mortality from additional surgery for implant failure and infection or secondary injury from a contralateral femoral neck fracture. Patients without documented mobility status or use of assistive devices were excluded from the study because mobility, or ambulatory status, was part of the Canadian Study of Health and Aging frailty index; a total of 218 patients met one or more of the exclusion criteria, leaving 481 patients who were included in the study. The mean (± SD) age was 81.05 years (± 8.45 years) (range, 60-105 years; median, 82 years).
We reviewed the charts of the 481 patients who met our criteria. For each patient, date of surgery and age were recorded. From electronic medical records, the orthopaedic and/or medical history and physical notes at the time of fracture admission were used to obtain clinical deficits and calculate the modified frailty index. The modified frailty index was based on 19 of the potential 70 Canadian Study of Health and Aging clinical deficits (Table 1) . Strong consensus among the authors was reached for the19 clinical deficits chosen. Deficits were stratified based on similarities in domain. The particular 19 deficits were chosen for two reasons. First, deficits were chosen based on the likelihood of being recorded in the admission notes. Second, keeping in mind the practical future application of the clinical deficits in an acute setting, the clinical deficits chosen could be assessed on admission or in the emergency department. Each deficit, except mobility status, was dichotomized. Zero points were given for the absence of a deficit and 1 point for its presence. Mobility status was trichotomized. Patients who were ambulatory without assistive devices received 0 points; patients who were ambulatory with a walker or cane received 1 point; and patients who were nonambulatory or wheelchair/scooterdependent received 2 points. Therefore, there were a total of 19 clinical deficits with the potential for a maximum and minimum modified frailty index of 20 and 0, respectively. For example, a patient who has Parkinson's disease and congestive heart failure and is functionally ambulatory with a walker would receive a modified frailty index of 3, the sum of clinical deficits. Mortality for each patient was obtained from the State Vital Statistics Department.
Patients' full names, Social Security numbers, and dates of birth were provided to obtain accurate death information. Patient death inquiries were provided for 2 years after fracture.
The following statistical analyses were performed.
Basic Analysis
The mean modified frailty index of those who died or lived within 1 and 2 years was compared using an unequal variance t-test. Percent mortality for each modified frailty index was calculated. The Pearson correlation of age and frailty index was computed. ROC curves were constructed to determine the sensitivity and specificity of the frailty index in predicting 1-and 2-year mortality. Specifically, area under the curve (AUC) was computed. The point closest to perfect sensitivity and specificity was chosen as the cutoff value to compare mortality at 1 and 2 years. To further explore the calibration of the frailty index as a predictor for mortality, a logistic regression of mortality on the modified frailty index and computation of the Hosmer-Lemeshow statistic were performed. Survival analysis comparing those with a modified frailty index above and below the cutoff value was performed. 
Analysis of Validity and Robustness
We explored each clinical deficit as a dichotomous predictor of mortality at 1 and 2 years and computed a variety of metrics assessing accuracy. Next a logistic regression including all clinical deficits as predictors was analyzed with ROC analysis and Hosmer-Lemeshow. Our intention was to compare the roles of various clinical deficits with the results of the bivariate analyses directly. The coefficients derived for each regression allowed consideration of linear combinations of the clinical deficits. Because the ROC modified frailty index cutoff value chosen in the first step of our analysis is quite possibly overfitted, a 10-fold crossvalidation was performed while setting aside a separate validation set. In the crossvalidation we averaged the AUC, sensitivity, specificity, and concordance across the 10 folds. Finally, using all data but the test set, we built the modified frailty index, the associated ROC curve, computed the AUC, and picked that point on the ROC curve closest to perfect sensitivity and specificity. Using that value of the index, we examined the test set, computing sensitivity and specificity of the predictor on that set. We assessed the impact of age on the discriminatory capability of the predictor by adding it to the logistic model containing all clinical deficits and comparing the Akaike information criteria of the models. We repeated these using a logistic model with age and modified frailty index only. Finally, to determine whether there was more than just one potential cutoff point impacting mortality, we carried out MARS regression with one, two, and three cut points on the index and mortality data. Data were jittered in order because not all frailty indices are round integers.
R software by the R Foundation for Statistical Computing (http://www.R-project.org) was used for statistical analyses.
Results
The modified frailty index was associated with 1-and 2year mortality after a low-energy elderly femoral neck fracture. The 1-year mortality rate was 20.58% (99 of 481). The mean [SD] modified frailty index in those who died was higher (4.62 [1.83] ) than in those who lived (2.98 [1.95]; p \ 0.001). The 2-year mortality rate was 26.40% (127 of 481). The mean (SD) modified frailty index was 4.44 (1.87) and 2.91 (1.94) for patients who died and lived, respectively (p \ 0.001). The distribution of frailty index was weighted toward the low end with 452 patients having a modified frailty index below and 29 patients having a modified frailty index equal to or greater than 7 ( Table 2) . Percent 1-and 2-year mortality increased for each rise in modified frailty index value up to 6 ( Fig. 1 ). There was a weak but significant correlation between age and frailty (Pearson correlation 0.203, p \ 0.001).
The modified frailty index predicts mortality both at 1 and 2 years after femoral neck fracture. The AUC was 0. (Figs. 2, 3) . The odds ratio for death for patients above and below the cutoff value of 3.5 was 4.97 (3.06-8.09) (4.01 [2.61-6.16]) ( Table 3) . A chi-square test was significant (p \ 0.001; p \ 0.001) at both timeframes. The Hosmer-Lemeshow statistic was marginally significant (p = 0.046; p = 0.042), indicating the model may not be an optimal fit. Repeat analysis excluding all patients with frailty index above 7 demonstrated that the statistic was no longer significant with a p value of 0.74 (p = 0.58). Survival in those with frailty index less than 3.5 was estimated at 90.04% and 84.7% at 1 and 2 years, respectively. Survival in those with frailty index greater than 3.5 was estimated at 64.5% and 58% at 1 and 2 years, respectively.
Six deficits (mobility, respiratory, renal, malignancy, thyroid, and impaired cognition) were independently associated with mortality (Table 4) odds ratio for death above and below the cutoff was 7.37 (5.52). A chi-square test was significant (p \ 0.001; p \ 0.001). The Hosmer-Lemeshow statistic was not significant (p = 0.096; p = 0.096), indicating relatively good model fit.
No one clinical deficit, analyzed separately, was particularly sensitive (range, 5%-60%). However, the predictors are rather specific, and the rate of concordance was always above 50% and often greater than 70%. The positive predictive value was always below 50%, and the negative predictive value hovered around 80%. The largest likelihood ratio (+) was approximately 2.8, and the smallest likelihood ratio (À) was approximately 0.7 with some actually being greater than 1 ( Table 2 ). Using a Hosmer-Lemeshow statistic on a logistic model for mortality with the sole predictor being mobility, we obtained a p value of 0.42 and 0.76 for 1-and 2-year mortality, respectively, indicating a relatively good model fit. Adding age to the full logistic regression model slightly improved the Akaike information criterion. The AUC in each case was changed by\0.01. The Hosmer-Lemeshow fit improved for both 1and 2-year mortality. Furthermore, the Net Reclassification Improvement was 0.20 and 0.25 for 1-and 2-year mortality, respectively, indicating that patient age is a potentially important prognostic factor. MARS regression was not particularly revelatory, showing patterns not reflective of the trends seen in the data. This was perhaps the result of the sudden drop in mortality at a frailty index of 7 or the precipitous drop at 12.
Discussion
As the growing elderly population continues to be more active and health-conscious, similarly aged patients may have significantly different physiologic reserves (frailty) to overcome the morbidity and mortality associated with a Patients with a modified frailty index C 3.5 had an odds ratio of approximately 5 and 4 at 1 and 2 years, respectively. femoral neck fracture. As a result, frailty may play an important role in assessing patients with femoral neck fractures. Unfortunately, no study has examined the association of frailty with mortality after femoral neck fracture in patients aged 60 years and older. Our study demonstrates an association between a modified frailty index and 1-and 2-year mortality after femoral neck fracture, suggesting the potential to predict mortality. Patients with a modified frailty index of 4.0 or greater had higher odds ratio for mortality. Furthermore, independently, the clinical deficits of mobility, respiratory, renal, malignant, thyroid, and impaired cognition may be associated with mortality at 1 and 2 years.
This study had several limitations. First, the study was retrospective and therefore failure to properly document a clinical deficit in medical records is a concern; the patient's medical history and physical notes may have been incomplete. It is possible that one or more deficits were missed that would have influenced the frailty index and affect the study results. To try to offset this, patients whose functional status was not documented were excluded from the study. Second, the 19 clinical deficits used to compute the modified frailty index have not been previously validated. However, they were obtained from a study clinically demonstrating the deficits associated with mortality. The Canadian Study of Health and Aging, from which these deficits were derived, was a highly powered prospective study with 10,263 patients. For each deficit examined in the Canadian Study of Health and Aging, there were no more than 5% missing data [14] . Despite questions regarding validity, the ability to apply an abbreviated form of a highpowered index strongly correlated with mortality is necessary for clinical application and our study can be considered a pilot for future studies. Third, there is concern that the modified frailty index can potentially be overfitted and the predictive value may not be representative of other populations. However, the crossvalidation performed to further clarify this concern demonstrated an AUC for the test set of 0.74 and 0.72 for 1-and 2-year mortality, respectively. The application of the modified frailty index to other cohorts needs to be studied further.
Our findings demonstrate that the modified frailty index is associated with mortality at both 1 and 2 years after sustaining a femoral neck fracture in patients aged 60 years and older. Furthermore, there was an association for increasing risk of mortality with an increasing modified frailty index value (Fig. 1) . This was demonstrated up to the modified frailty index of 7. The variability in mortality rate [ 7 on the modified frailty index lacks a definitive conclusion as a result of the relatively low number of patients. There was a rather weak correlation (0.2) between age and frailty in our study, demonstrating that frailty is not solely determined by age. Several models of frailty index have been developed and have most commonly been used in a prospective, outpatient setting. Limited studies have evaluated patient frailty in the acute care setting. Farhat et al. [5] illustrated the association between frailty and mortality in patients older than 60 years who underwent emergency general surgical procedures. They demonstrated an odds ratio of 11 for mortality in patients with increased frailty. Elderly patients who died at 1 or 2 years after femoral neck fracture had a higher modified frailty index when compared with those who lived. Our results support the association of mortality and frailty demonstrated by other studies in multiple settings [12, 13, 21] . The modified frailty index appears to be a useful tool to predict mortality at 1 and 2 years status postfemoral neck fracture. The accuracy as demonstrated by the AUC was 0.74 and 0.72 for 1-and 2-year mortality, respectively. The association of both Charlson Comorbidity Index and American Society of Anesthesiologists score with mortality after femoral neck fractures has been studied [1, 4, 8, 11, 15, 18, 20, 22] . Unfortunately, these models do not take into account mobility status, a deficit that may independently be associated with mortality. Furthermore, frailty, by providing a detailed patient picture with 19 clinical deficits, may be more applicable to the physiologically varying elderly population. The ROC curve demonstrated a modified frailty index of 3.5 at 1 and 2 years with the best sensitivity and specificity. The odds ratio showed a fourfold likelihood for mortality in patients above a modified frailty index of 3.5 compared with those with a value below 3.5. Clinically, because we are unable to have half a clinical deficit, this value translates to having four or more clinical deficits. The sensitivity and specificity of 3.5 for predicting mortality was at best modest. However, the negative predictive value at 1 year was 90% and at 2 years was 84.7%. Patients with a modified frailty index below 3.5 have a significantly lower percent mortality at 1 and 2 years. This may ultimately impact implant choice. Patients with an index below 3.5 with survival of 90.0% and 84.7% at 1 and 2 years, respectively, may benefit more from a THA rather than hemiarthroplasty or percutaneous pinning. Consequently, the modified frailty index may not only be clinically relevant, but also impact the economics of health care. Patients with a higher modified frailty index would potentially benefit from admission to a medical service rather than to an orthopaedic service, improved nonopioid pain management, more aggressive physiotherapy, and/or more frequent postoperative visits with a primary care physician. The potential impact of the modified frailty index in clinical decision-making can be relevant to not only orthopaedics, but other specialties as well. Furthermore, the modified frailty index demonstrated signs of potential that can be applied in the acute setting as a relatively quick and easy predictive tool for mortality in patients with femoral neck fracture for not only orthopaedic surgeons, but for all treating physicians. Given the paucity of available mortality risk tools, the modified frailty index may help fill this void and initiate further advancement on the subject.
We found that the clinical deficits of mobility, respiratory, renal, malignancy, thyroid, and impaired cognition potentially are independently associated with mortality at 1 and 2 years ( Table 4 ). The presence of any of these six clinical deficits may entail a poorer prognosis after a lowenergy femoral neck fracture. The clinical deficits of mobility, respiratory (ie, chronic obstructive pulmonary disease and emphysema), renal, malignancy, including any history of, and impaired cognition intuitively make sense in their potential to affect mortality; however, the correlation of thyroid disease to mortality is not as evident. Furthermore, although the association of age to frailty was weak, when age was added to the logistic regression model, there was improvement in the predictability of the modified frailty index slightly. Therefore, clinically, when comparing two patients with the same clinical deficits, increased age may be associated with greater likelihood for mortality. Furthermore, prospective studies are necessary to evaluate the influence of these six clinical deficits and the influence of age in the modified frailty index and mortality.
We found that considerable physiologic variability is present among elderly patients with femoral neck fracture. Awareness of this variability and studies examining predictive models for mortality accounting for this variability are necessary. A tool to measure frailty and potential prognostic implications for mortality in the acute setting would be beneficial, especially with the varying physiologic reserves encountered. We found the modified frailty index to be associated with mortality in patients aged 60 years and older with a femoral neck fracture at 1 and 2 years and may be a quick, easily applicable predictive model in the acute setting. We further found that patients with a value of 4 or more are at greater risk for mortality. Our data indicate that patients who have a modified frailty index with clinical deficits including mobility, respiratory, renal, malignancy, thyroid, and impaired cognition have a higher risk of death after femoral neck fracture. This modified frailty index warrants further exploration in a larger prospective study.
